Objective: Pulmonary system is a target organ for microangiopathic damage in patients with diabetes mellitus (DM). In the present study, the relationships of pulmonary functions with glycemic control, duration of diabetes, and microangiopathic complications have been assessed in type II diabetic patients.
Introduction
Diabetes mellitus (DM) is a chronic metabolic disease that requires continuous medical attendance along with the education of patients to diminish the risk of acute and chronic complications (1) . Cerebrovascular, cardiovascular, and peripheral arterial diseases are well-known chronic macrovascular complications, while nephropathy, retinopathy, and peripheral and/or autonomic neuropathy are the outcomes of microvascular damage in patients with diabetes. The lungs are also the potential targets for diabetes because the pulmonary capillary bed has a wide microvascular network and pulmonary parenchyma is rich in connective tissues. Various histopathological changes have been documented in the pulmonary structures of diabetic patients and animal models such as abnormalities of connective tissue proteins, thickening of alveolar epithelium, and changes in capillary basement membrane (2) (3) (4) . Studies assessing pulmonary functions in this specific population have been increasingly reported in the recent decade (5, 6) . However, results of those studies are inconsistent; while some of the studies revealed decreased pulmonary functions in diabetic patients compared with healthy controls (7) (8) (9) , some studies reported similar results between diabetic and healthy individuals (10) . These discrepancies could probably be attributed to the differences in study populations, such as age and duration of diabetes of the study groups, and confounders, such as status of smoking and presence of cardiovascular diseases, all of which may lead to abnormal measurements of pulmonary functions, while the actual results were in normal limits. Because the number of patients with type II DM tends to increase in developing countries, to point out the changes in pulmonary functions is crucial for subsequent preventive and therapeutical approaches.
The aim of this study was to evaluate the associations of pulmonary functions with glycemic control, duration of diabetes, and microangiopathic complications in type II diabetic patients with no history of either smoking or cardiopulmonary diseases.
Methods
The study protocol was performed in accordance with the principles of Helsinki Declaration, and informed consent was obtained from all of the participants. It was approved by the local medical ethics committee. Consecutive type II diabetic patients on oral antidiabetic medications who were admitted to our internal medicine outpatient clinic were enrolled in our study for participation. Patients having symptoms of active respiratory system disorders, positive physical examination findings, and/or abnormal chest X-ray as well as chronic respiratory system diseases were excluded. Additionally, patients with established cardiovascular diseases, cerebrovascular disease, peripheral arterial disease, active malignancy or history of malignancy, hepatitis B and C virus infection, symptoms of active infection or inflammation, and with anemia (Hb<12.0 mg/dL) as well as patients on steroid treatment were not included. Finally, during a 3-month period, a total of 31 type II diabetic patients who never smoked (24 females and 7 males) were recruited into the study.
Age, gender, body weight, and height measurements were recorded for all patients. Weight and height were measured with the same equipments; weight (kg) to the square of height (m) ratio was used for calculation of body mass index (BMI). General physical examinations were performed; arterial blood pressures were measured two times with an appropriate cuff after 10 minutes resting in an upright sitting position and the average value was recorded. Duration of diabetes and actual medications were screened from patients' interviews and hospital charts for each subject and noted down.
Venous blood samples were collected from antecubital vein after an overnight fasting period. Fasting blood glucose, hemoglobin, blood urea nitrogen (BUN), creatinine, glycosylated hemoglobin (HbA1c), and lipid parameters (total cholesterol, triglycerides (TG), high-density lipoprotein (HDL) cholesterol, and low-density lipoprotein (LDL) cholesterol) were determined by automated procedures conducted at the Biochemistry Department. HbA1c was assessed by high-performance liquid chromatography. Two hours after the breakfast, blood sampling was repeated for assessing the post-prandial blood glucose level.
Diabetic nephropathy was assessed by albumin excretion rates in 24 h urine specimens, and the values over 30 mg/day were accepted as diabetic nephropathy. All participants were assessed by the same ophthalmologist who was blind to the patients' characteristics and laboratory data. Besides the history of laser treatment, the presence of non-proliferative abnormalities (microaneurysm, exudate, or hemorrhage) or proliferative abnormalities with new vessel formations (neovascularization) in fundoscopic examinations were defined as diabetic retinopathy. The peripheral diabetic neuropathy was evaluated with physical examination and nerve conduction studies by the same neurologist blind to the data. Electromyographic nerve conduction studies were performed in the tibial, peroneal, and sural nerves of the non-dominant side lower limbs of the patients. The patients with abnormalities, including both of the motor and sensory nerves, were accepted as having diabetic neuropathy.
The assessment of pulmonary functions was conducted with spirometry and diffusion capacity testing with carbon monoxide (CO). The spirometry was performed in accordance with the American Thoracic Society recommendations (11) . Measurements were repeated three times, while the patients were seated upright; the highest ones for forced vital capacity [FVC] (% of predicted value) and the maximum air volume during forced expiration in 1 s [FEV 1 ] (% of predicted value) were taken into account. Then, the ratio of FEV 1 /FVC was computed. The diffusion capacity for CO (DLco; cc/min/mmHg) from inspired air to pulmonary capillary circulation was measured using the single breath method between 08:30 and 10:00 a.m. in sitting position. Corrected DL CO by alveolar ventilation was represented by DL CO /volume of alveoli (VA) (DL VA ) ratio.
Statistical analysis
Statistical analysis of the presented data was performed using SPSS software (version 18 SPSS Inc; Chicago, IL, USA). All P values were calculated as two-sided, and values of <0.05 were considered as statistically significant. Normality of distribution for continuous variables was tested using Kolmogorov-Smirnov test and histograms. Normally distributed parametric data were presented as mean±standard deviations (SD) and compared with student t-test between two groups. Non-normally distributed parametric data were presented as median and interquartile range (IQR; the range of values lying between the 25 th and 75 th centiles) and compared using Mann-Whitney U test. Categorical variables were shown as frequency and percentages and compared using chi-square test. Spearman or Pearson's rank correlation tests were performed to determine correlations between continuous variables. When the linear association was significant, the partial correlation analysis with the corrections of age, gender, duration of diabetes, and BMI was performed.
Results
The general characteristics of the study population are presented in Table 1 . The mean age was 57.9±8.5 years, median duration of diabetes was 6 (5-10) years, mean BMI was 29.69±3.58 kg/m 2 , and mean HbA1c was 9.2%±2.05% in our study. As comorbid conditions, 17 patients (54%) had hypertension and 5 patients (16.1%) had hyperlipidemia. The results of blood tests and pulmonary assessments are summarized in Table 2 .
Among our patients, 10 patients (32.3%) had any of the microangiopathic complications. Diabetic nephropathy was detected in 11 patients (35.4%) (nine of them had microalbuminuria and two of them had overt proteinuria); diabetic retinopathy was detected in 11 (35.4%) patients and diabetic sensorimotor neuropathy was detected in 10 of the 31 patients (32.3%). Pulmonary function tests were found to be similar between patients having microangiopathic complications and those without them. The results are presented in Table 3 . HbA1c was higher in patients having complications compared with the ones having no complications (9.74±2.01 vs. 8.17±1.79, respectively; p=0.044).
The correlation analysis revealed reverse associations between HbA1c and mean FEV 1 and FVC values (p=0.034, r=-0.383 and p=0.007, r=-0.471, respectively), while HbA1c had positive correlations with FEV 1 /FVC ratio (p=0.018, r=0.424). After adjustment for age, gender, and BMI values, these associations still remained significant. There was no association between HbA1c, DL CO , and DL VA values (for both p>0.05) and the duration of diabetes (p=0.378, r=0.164). A negative correlation was present between fasting blood glucose level and FVC (p=0.035, r=-0.380). There was no association of fasting blood glucose level with FEV 1 , FEV 1 /FVC, DL CO , and DL VA values (p=0.068, r=-0.332; p=0.582, r=0.103; p=0.329, r=0.181; p=0.633, r=0.089, respectively).
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Discussion
In the present study, the associations of glycemic control, duration of diabetes, and extrapulmonary microangiopathic complications with pulmonary functions were assessed in a cohort of non-smoking type II diabetic patients without cardiopulmonary diseases. The main finding of our study was that poor glycemic control was associated with restrictive type of functional alterations determined by spirometry. Pulmonary functions were not associated with duration of diabetes, and they were found to be similar in patients with or without microangiopathic complications.
There have been inconsistent reports concerning the relationship between glycemic control and pulmonary functions of type II diabetic patients (8) (9) (10) (11) (12) (13) . We have exhibited negative correlations between HbA1c, FEV 1 , and FVC and positive correlations between HbA1c and FEV 1 /FVC ratio. Although the mean values were in normal limits, correlations of HbA1c with spirometric parameters suggested that patients with poor glycemic control may be prone to restrictive pulmonary alterations. We did not exhibit any association between HbA1c, DL CO , and DL VA values in our study, as in previously reported series (12, 13) . Earlier reports exerted nonsignificant results between HbA1c and measures of lung function (8, 10) . However, in the last decade, HbA1c was manifested as a strong and consistent negative predictor of lung functions after adjusting for confounding variables in a follow-up investigation of type II diabetics (14) . These discrepant results could be because of some heterogeneities of the study populations. In our study, all participants were non-smoking subjects. Moreover, correlations between HbA1c and spirometric test results remained significant after adjustment by age, gender, and BMI values, all of which may be confounding factors. Barrett-Connor et al. (10) revealed some striking results in their study. They showed that fasting plasma glucose levels were correlated with FEV 1 and FVC values in men without diabetes. Notably, we showed negative correlations of fasting blood glucose level with FVC values in our diabetic cohort. Thus, we considered that glycemic control and the level of glycemia seem to be crucial for pulmonary functions in type II diabetics.
Because of their extended capillary network, lungs could be a target for structural alterations and microvascular damage as a result of advanced glycosylation in type II diabetic patients. One of our expectations in the present study was that patients having microvascular complications of diabetes would also have worse pulmonary functions. However, we found that pulmonary functions did not differ in type II diabetic patients with or without microvascular complications. Similarly, Sinha et al. (4) detected no differences in FEV 1 , FVC, and peak expiratory flow values of type II diabetic patients with one or more microangiopathic complications compared with those without any complication. In another study, FEV 1 , FVC, and forced expiratory flow values have been reported to be similar in type II diabetics with or without diabetic retinopathy (12) . In our study, CO transfer capacity was found to be the same in the setting of microvascular complications of diabetics. Regarding CO transfer capacity, previous reports revealed inconsistent results (15) (16) (17) (18) (19) . Some studies exerted a decrease in CO diffusion capacity in patients with microvascular damage including retinopathy (15, 16) and nephropathy (16, 20) , while, in accordance with our results, others did not find any difference between patients with or without microvascular complications (17, 19) . In this setting, Fuso et al. (21) performed a distinctive study. They measured DL CO values separately in sitting and supine positions in type II diabetics and compared these values with those of healthy subjects. DL CO values were found to be increased in supine position in healthy subjects, while it was found to be the same in diabetics. Authors claimed that this postural diffusion testing could be an early method for the evaluation of pulmonary involvement in diabetics (21) . In further studies, this point should be evaluated in larger populations. We had assumed that we would observe deterioration in pulmonary functions as a result of the prolonged exposure of vascular structures and connective tissue proteins to high blood glucose levels in correlation with duration of diabetes. However, in our study, there was no correlation between duration of diabetes and pulmonary function parameters, neither with spirometry nor with diffusion capacity. In Fremantle's study, decreases in FEV 1 , FVC, and vital capacity levels were detected when the duration of diabetes increased (8) . Supportively, Barrett et al. (10) showed decreased FEV 1 and FVC values in male type II DM patients for more than 10 years, while the same result could not be manifested in females. On the other hand, Benbassat et al. (22) did not detect a relationship between duration of disease and pulmonary functions. Buckingam et al. (23) claimed that the decrease in vital capacity was neither related to the duration of disease nor to the presence of microvascular complications but to the structure of collagen and distortion of elasticity. Actually, defects in insulin secretion or its actions as well as pathological changes of the disease starts far before the time of diagnosis in type II diabetics. Therefore, the uncertainity in the duration of pathogenetic alterations related to diabetes could also be a confounding factor in such analyses.
Our study had some limitations, one of which was the relatively small study population. The exclusion of the patients with former smoking history leads to a higher female/male ratio. Additionally, a relatively longer median duration of diabetes in our study could have revealed more robust results.
Conclusion
We showed that poor glycemic control was associated with restrictive alterations in the pulmonary function tests of type II diabetics. We did not observe any difference in pulmonary functions in terms of microvascular complications. Our data could support that good glycemic control is essential for the maintenance of pulmonary health in type II diabetics. Ethics Committee Approval: Ethics committee approval was received for this study.
Informed Consent: Written informed consent was obtained from patient who participated in this study. 
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